purified from bovine liver Cramn and Zilversmit 1980) , bovine brain (Helmkamp et al. 1974 (Helmkamp et al. , 1976 Demel et al. 1977) , bovine heart (DiCorleto et al. 1979) , rat liver (Lumb et al. 1976; Lutton and Zilversmit 1976a; Broj and Zilversmit 1977; Sasaki et al. 1979) , and rat intestine (Lutton and Zilversmit 1976b; Yamada et al. 1978) . Isoelectric points of purified phospholipid exchange proteins have been determined for the characterization of properties of the exchange proteins. In the following two cases, two phospholipid exchange proteins have been distinguished by difference of their isoelectric points. The phosphatidylcholine specific exchange proteins purified from bovine liver and from rat liver (Lumb et al. 1976; Lutton and Zilversmit 1976a) were most easily distinguished by their isoelectric points : the bovine protein has a pI of 5.8, whereas the rat protein has a pI of 8. 4 . Two phospholipid exchange proteins specific for the phosphatidylcholine and phosphatidylinositol exchanges found in bovine brain, bovine heart, and rat liver also have been distinguished by their differences in isoelectric points (Helmkamp et al. 1974 (Helmkamp et al. , 1976 Lumb et al. 1976 ) : the two proteins are similar in molecular weights and amino acid compositions, and are indistinguishable in immunological properties. This paper describes a new method for the estimation of isoelectric points of phospholipid exchange proteins. We replaced a part of the phospholipids presumably bound to phospholipid exchange proteins with [3H]phosphatidylcholine of a high specific radioactivity. Isoelectric points of the exchange proteins were measured by gel isoelectric focusing of the proteins, which were located by the tritium radioactivity.
MATERIALS AND METHODS

Materials
Commercial sources of chemicals were : concanavalin A, Pharmacia Fine Chemicals (Uppsala); Ampholines, LKB (Bromma); acrylamide (for disc electrophoresis), E. Merck (Darmstadt); N,N'-methylenebisacrylamide, Eastman Kodak Co. (Rochester), [9,10-3H] oleic acid (5.66 Ci/mmole), New England Nuclear (Boston). Concanavalin A-Sepharose 2B was prepared as previously described .
Preparation of lipids 1-Acyl-2-[9,10-3H]oleoyl glycerophosphorylcholine (2.01 mCi/µmole) was prepared by a modification of the method of Robertson and Lands (1962) . Dimannosyl diglyceride was prepared as previously described .
Assay of phosphatidylcholine exchange activity
The exchange activity was determined by measuring the stimulation of ["P] phosphatidylcholine transfer from concanavalin A-reactive liposomes to concanavalin A-nonreactive liposomes in a total volume of 0.2 ml as previously described . After incubation at 25°C for 30 min, the two populations of the liposomes were separated by precipitation of concanavalin A-reactive liposomes with concanavalin A.
Preparation of partially purified phospholipid exchange proteins
Phosphatidylcholine and phosphatidylinositol exchange proteins in pig liver were partially purified as described in the preceding paper (Yamada et al. 1981 ) by a modification of the methods of Kamp et al. (1973) , Helmkamp et al. (1974) and Demel et al. (1977) . Two preparations obtained in the purification, fraction I-G50-(1) and fraction II-(2)-050, were used in the experiments described in this paper.
Preparation of phospholipid exchange proteins containing [ 3Hl phosphatidylcholine
Each of the partially purified phospholipid exchange proteins (0.15-0.45 mg protein in 0.3 ml of 0.15 M NaCI-0.01 M sodium phosphate, pH 7.0) was mixed with 0.3 ml of a liposome preparation. One ml of the liposome preparation contained 90 nmoles of [3H]phosphatidylcholine (4.46 X 10 dpm/,umole),10 nmoles of dicetylphosphate, and 8.1 nmoles of dimannosyl diglyceride; the lipids were mixed in chloroform, dried under a stream of nitrogen, and dispersed in 0.15 M NaCI-0.01 M sodium phosphate, pH 7.0, by sonication with a Branson Sonifier (model W 185) at a 35 watt output for 15 min in an ice water bath. The mixtures containing the liposomes and the purified proteins were incubated at 25°C for 20 min. The protein was separated from the liposomes by chromatography with a concanavalin A-Sepharose 2B column (bed volume 0.15 ml). About 85% of the liposomes added to the incubation mixture was separated from the protein fractions eluted from the column. of 7.5% polyacrylamide gel (2 mm in thickness and 14 cm in length) with solutions of 40 mM glutamic acid and 20 mM NaOH in the anode and the cathode compartments, respectively. The ratio of acrylamide and bisacrylamide in the monomer solution used to prepare the gel was 36.5. The total concentration of Ampholines was 2% and it comprised of the following pH range: 5-7; 4-6 and 5-7 in the ratio of 4:1. The gel solution was photopolymerized under daylight fluorescent lamps with a mixture of catalysts consisting of 10 ,ul of N,N,N',N'-tetramethylethylenediamine, 70 µl of 10% ammonium persulfate and 432 il of 0.4 mg/ml riboflavin per 35 ml of the solution. Samples containing the exchange proteins labeled with [3H]phosphatidylcholine in 2% Ampholines and 10% glycerol were applied on top of the gel facing the anode. The samples were overlayed with 0.5 ml of 1% Ampholines in 5% glycerol. Voltage was applied at 150 V for 15 min, then at 300 V for 120 min. After electrofocusing, the gel was divided into 2 cm wide strip and one strip was sliced into 1 mm segments to locate the tritium radioactivity. Another 2 cm wide strip of the gel was fixed, stained with Coomassie blue, and destained to locate protein by the method of Ames and Nikaido (1976) . In some experiments, a 2 cm wide strip of the gel was sliced into 2 mm segments and each segment was soaked in 0.5 ml of 0.15 M NaCI-0.01 M sodium phosphate, pH 7.0, at 2°C for 18 hr. The phosphatidylcholine exchange activity in 100 ,ul of the eluate was measured. For determination of the pH-curve, a 1 cm wide strip of the gel was sliced into 5 mm segments, and each segment was soaked overnight in 1.0 ml of 10 mM NaCI. The pH was measured in the eluate.
Analytical methods
Protein was determined by the method of Lowry et al. (1951) with bovine serum as a standard. Tritium radioactivity contained in 1 mm segments of acrylamide gel was determined in 0.6 ml of water mixed with 5 ml of Patterson and Greene's scintillation medium containing 33% Triton X-100 (Patterson and Greene 1965) . The samples were counted after penetration of the medium into the gel.
RESULTS
A part of the phospholipids bound to partially purified phospholipid exchange proteins of pig liver was replaced with [3H]phosphatidylcholine of a high specific radioactivity.
[3H]phosphatidylcholine was thought to be appropriate for use in the replacement because all the phospholipid exchange proteins so far studied had the activity of phosphatidylcholine exchange. The replacement was performed by an incubation of the proteins with liposomes containing the labeled lipid. Dimannosyl diglyceride was included in the liposomes to make them reactive to concanavalin A. After the incubation, a major portion of the liposomes was bound to concanavalin A-Sepharose 2B and separated from the proteins.
Isoelectric points of the exchange proteins were measured by polyacrylamide gel Isoelectric focusing of the [3H]phosphatidylcholine-labeled exchange proteins, which were located by their tritium radioactivity. Samples containing the 3H-labeled exchange proteins were applied on top of the isoelectric focusing gel facing the anode to avoid alkaline hydrolysis of the bound [3H]phosphatidylcholine by accidental contact with the cathode electrode solution. In the isoelectric focusing in a pH range of 3.5-X0, the exchange protein in the two preparations, I and II, described in Materials and Methods, focused at a pH range of 4-6 (results not shown). Therefore, the isoelectric points of the exchange proteins were measured by focusing the proteins in gels of a pH range of either 4-7 or 5-7. The preparation I contained •-., tritium radioactivity; x, pH. To compare the distribution of protein with the location of radioactivity on the gel, a Coomassie blue-stained gel was also shown in the figure. •-., tritium radioactivity; o---a, phosphatidylcholine transferred from the donor liposomes to the acceptor liposomes (%/30 min/100 µl of eluate). x, pH. A Coomassie blue-stained gel was also shown in the lower part of the figure. one phospholipid exchange protein with a pI value of 5.6 (Fig. 1) . The preparation II contained two phospholipid exchange proteins with pI value of 4.7 and 4.8. As shown in Fig. 2 , the radioactive peaks at pH 4.7 and 4.8 overlapped very well with the location of the phosphatidylcholine exchange activity.
DISCUSSION
Each molecule of phospholipid exchange proteins acts as a carrier of a phospholipid molecule between membranes (Demel et al. 1973 (Demel et al. , 1977 . The phosphatidylcholine exchange protein purified from bovine liver had been shown to contain one mole of phosphatidylcholine per mole of protein Demel et al. 1973) . Studies on the mechanism of phospholipid exchanges catalyzed by phospholipid exchange proteins indicate that each one of all of the phospholipid exchange proteins is likely to contain a class of phospholipids, which is exchangeable with membrane phospholipids (Demel et al. 1973 (Demel et al. , 1977 .
In this paper a new approach was adopted in the estimation of isoelectric points of the partially purified phospholipid exchange proteins. Isoelectric points of phospholipid exchange proteins were measured by gel isoelectric focusing of the proteins containing [3H]phosphatidylcholine as the bound phospholipids. The proteins were located on the gel by their tritium radioactivity, which were measured by gel-slicing and liquid scintillation-counting of the gel slices. We found that it was not feasible to locate the proteins by fluorography according to the procedure of Bonner and Laskey (1974) (Chamberlain 1979) , which used the water-soluble fluor, sodium salicylate. Measurement of the isoelectric point by the present method is easier than the measurement by column isoelectric focusing. Moreover, isoelectric points of different phospholipid exchange proteins can be easily compared by focusing the proteins in a slab gel. We are now studying difference in the isoelectric points of phosphatidylcholine-bound and phosphatidylinositol-bound exchange protein with dual specificity to these two phospholipids. 
